We report a procedure for determining fecal long-chain fatty acids (LCFA), triglycerides, and cholesterol after detergent extraction with 10 mL/L Triton X-1 00, 6 mL/L Brij 30, and 0.1 mol/L HCI in isotonic saline by enzymatic analysis of the extraction supernates. Mean recoveries of calibrators ranged from 105% to 117%. Assays of fecal extracts were linear with concentration from 0 to 1000 p.mol/Lfor LcFA, from 10 to 90 tmol/L for triglycerides, and from 0 to 300 jmol/L for cholesterol. Within-run CVs were <3% for medium and high concentrations, and 3%, 14%, and 28% for low concentrations of LCFA, cholesterol, and triglycerides, respectively. Correlation with gravimetric determination resulted in coefficients (r2) of 0.72 for total fat, 0.63 for neutral fat, and 0.66 for nonesterifled fat. Assays of extracts and residues prepared for gravimetric determination indicated that -90% of triglycerides, cholesterol, and LCFA were extracted by organic solvents and that the extracts contain a significantamount of other fats. The proposed method appears accurate, precise, specific, and suitable for routine analysis. 
IndexingTerms:feces/fats/Iipids/malabsorption/steatorrhea/pancreatic dysfunction
Accurate quantitative determination of steatorrhea is of great importance in the diagnosis of malabsorption. For many years, reference procedures have involved gravimetric or titrimetric measurement of fecal fats extracted with organic solvents (1) (2) (3) . Despite adequate precision and sensitivity (1, 2, 4-6), several sources of error, e.g., compliance problems, assumption of an average molecular mass for the calculation of fat content (6, 7), and extraction of dietary as well as endogenous lipids (1, 8), have encouraged the search for alternative methods.
Screening methods are designed to minimize cumbersome collection and fecal handling. Serum measurements of, e.g., turbidity (9, 10), triglycerides Split-sample evaluation. LCFA, triglyceride, and cholesterol contents of 10 fecal specimens were determined by detergent extraction/enzyme analysis as described above. Aliquots of the same samples were further analyzed for total, neutral, and nonesterifled fat according to the gravimetric method of Sobel (1). Correlation coefficients were obtained by regression analysis for graymetrically determined total fat vs total fat determined by detergent extraction/enzyme analysis, neutral fat vs the sum of triglyceride and cholesterol concentrations, and nonesterified fat vs LCFA. In six randomly selected fecal specimens, split-sample evaluation as described above was followed by enzyme analysis of the extract prepared for gravimetric determination.
Triglycerides, cholesterol, and LCFA were further determined enzymatically in the sediment fraction of the extracted stools.
Results

Detergent Extraction
Central to the analysis of fecal LCFA, triglycerides, and cholesterol is the ability to extract and fully solubilize all of the fats in stool. Fatty acid-based surfactants must be avoided, however, because they will interfere with the measurement of fecal fatty acids. We tested the nomonic detergent Triton X-100 at various concentrations for its effectiveness in extraction. LCFA concentrations measured in 50 mL'L formalin-preserved fecal samples diluted 5-to 20-fold with 2, 10, or 20 milL Triton X-100 were linear throughout the dilution range. Yields obtained with 10 milL Triton X-100 were greater than those obtained with 2 milL Triton X-100, and use of 20 milL gave little if any increase (Fig. 1) . We therefore used 10 mL/L Triton X-100 for further testing.
Because dilution experiments indicated that not all of the LCFA was being extracted with 10 milL Triton X-100, we evaluated the inclusion of a second solubilizing agent, the nonionic detergent polyethylene ester Brij 30, in the diluent. The combination of 6 milL Brij 30 and 10 mLIL Triton X-100 improved the extraction yields of LCFA. Dilution of at least 2.5-fold was required to fully extract LCFA, but linearity was maintained for greater dilutions (Fig. 2) . Yields of LCFA, triglyceride, and cholesterol extracted from fecal specimens having various fat contents showed that a dilution of 1:15 led to consistent results, ensured maximum extraction, and minimized errors associated with greater diluent content. In the final procedure we diluted fecal samples 1:15 with 10 mL/L Triton X-100 and 6 milL Brij 30 in isotonic saline before centrifugation.
LCFA Stability
Initial studies indicated that triglyceride esters were hydrolyzed during storage of fecal specimens, whether formalin-preserved or not. We therefore Mean of analyses of three formalin-preserved 72-h focal specimens. analytical recoveries of the calibrators from the fecal matrix were 106% ± 5% for LCFA, 117% ± 12% for triglycerides, and 107% ± 3% for cholesterol.
Linearity.
Aliquot8 of four randomly selected 72-h fecal specimens
were diluted 2-to 516-fold with stool diluent and centrifuged for 15 mm at 1050g. LCFA, triglycerides, and cholesterol were determined enzymatically. Assays of fecal extracts were linear with concentration for LCFA from 0 to 1000 .&moI/L, for triglycerides from 10 to 90 /Lmol/L, and for cholesterol from 0 to 300 molfL.
Precision. Within-run precision was determined for low-, intermediate-,
and high-concentration specimens. CVs for the latter two samples were <3% for LCFA, triglyceride, and cholesterol procedures. Variability increased as the limit of sensitivity was approached, with CVs for the low-concentration specimens ranging from 3% to 28% (Table 1) .
Split-sample evaluation. Split-sample comparison of 1072-h fecal specimens was performed to determine the correlation between the detergent extraction/enzyme method and the gravimetric comparison procedure (1).
LCFA, triglyceride,
and cholesterol values determined enzyunatically were summed to obtain a value for total fat, which correlated by r2 = 0.72 and a slope of 0.28, with gravimetrically determined total fat (Fig. 3A) . A 
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Gravimetric Split Fat (9/bOg stool) Fig. 3 . Correlationbetween gravimetricdeterminationand the proposed procedure (DIE; detergent extraction/enzymatic assay).
(A) Gravimetlically determined total fat and total fat summed from detergentextracted LcFA, triglyceride, and cholesterol concentrations; (B) gravimetrically determined neutral fat and neutral fat according to detergent summed from extracted tiiglyceride and cholesterol concentrations; and (C) gravimetrically determined nonesterifled fat and detergent-extracted LCFA (n = 10).
coefficient of r2 = 0.63 and a slope of 0.26 were obtained for correlation of gravimetrically determined neutral fat with the sum of triglyceride and cholesterol concentrations (Fig. 3B) . Correlation of gravimetrically determined nonesterified fat with LCFA gave a coefficient of r2 = 0.66 and a slope of 0.29 (Fig. 3C) . The intercepts were near zero in all three correlation plots.
Gravimetrically determined total fats and enzymatically determined total fat components obtained in fresh stool, the extract, and the sediment resulting from extraction with organic solvents were compared in six randomly selected fecal specimens. Mean fecal fat contents were 4.32 g/100 g stool (wet wt.) according to gravimetric determination, 2.34 g/100 g stool according to enzymatic analysis in detergent-extracted stool, 1.64 gIlOO g stool determined in the extract prepared for gravimetric determination, and 0.25 g/100 g stool obtained in the sediment (Fig. 4) . results were summed to obtain enzymatically determined total fat concentrations. The boxes represent the middle halt of the data points between the 25th
Distribution of Values in Patients' Samples
and the 75th percentiles.
The horizontal lines across the boxes mark the medians, and the whiskers depict the hhest and lowest connected data points. 
Discussion
The proposed method of detergent extraction and subsequent enzymatic analysis of LCFA, triglycerides, and cholesterol appears to fully solubilize and recover fecal fats and allows for accurate and precise determination of analyte concentrations.
Further In conclusion, detergent extraction followed by enzymatic analysis makes accurate and precise fecal fat determination available to the clinical laboratory. We hope that the introduction of easily performed assays will expedite the study of outstanding issues, such as the sensitivity and selectivity tradeoffs of random stools vs 1-, 2-, or 3-day collections.
